Abstract: Roughness increases significantly after finishing procedures. The aim of this study was to assess by the atomic force microscope~AFM! the effect of finishing instruments on the surface roughness of composite resins. A nanofiller composite resin~Filtek Supreme, 3M-F! and a microhybrid composite resin~Point 4, Kerr-P! were selected. The finishing procedures were done with a 30-blade carbide bur~C! and a 30-mm finishing diamond bur~D!. Standardized specimens were produced and divided into six experimental groups n ϭ 4! according to~1! composite resin,~2! absence of finishing~Mylar matrix-M!, and~3! finishing instrument~FM, PM, FC, FD, PC, PD!. The mean surface roughness was evaluated by AFM in the contact mode. FM and PM groups were assessed statistically by the Student's T test, and FC, FD, PC, PD groups were submitted to variance analysis~ANOVA!, both at 5% significance. The mean surface roughness values, in nanometers, were FM, 23.63~b!; FC, 283.88~c!; FD, 510.55~d!; PM, 12.52~a!; PC, 343.98~c!; PD, 531.64~d!. Microhybrid composite displayed less roughness than nanofiller composite in the absence of finishing procedures. The 30-blade carbide bur produced less roughness compared to the extra fine diamond bur.
INTRODUCTION
In dental restoration the use of polymer matrices/composite resins that are mechanically treated with so-called finishing instruments like diamond or carbide burs is a key operation to take care of rough surfaces. Rough surfaces of composite resins contribute to bacterial plaque, debris, and staining accumulation~Heath et al., 1993; Yap et al., 1998 Yap et al., , 2000 Wilder et al., 2000; Lopes et al., 2002; Reis et al., 2002 Reis et al., , 2003 Nagem Filho et al., 2003 !. These factors may cause gingival inflammation~Yap et al., 1998 inflammation~Yap et al., , 2000 Wilder et al., 2000; Lopes et al., 2002; Reis et al., 2003; Nagem Filho et al., 2003 !, secondary caries~Yap et al., 1998 Lopes et al., 2002; Reis et al., 2003 !, superficial staining~Heath et al., 1993 Yap et al., 1998 Yap et al., , 2000 Wilder et al., 2000; Lopes et al., 2002; Reis et al., 2002 Reis et al., , 2003 Nagem Filho et al., 2003; 2005!, and reduction of the restoration gloss~Paravina et al., 2004!. Therefore, superficial smoothness is one of the most important properties of a successful restoration~Joniot et al., Nagem Filho et al., 2003 , Yazici et al., 2007 !. Many studies~Lutz et al., 1983 Heath et al., 1993; Nagem Filho et al., 2003; Roeder & Powers, 2004 ! have shown that polyester matrices provide smooth surfaces. However, polyester matrix insertion and adaptation are not always clinically possible, mainly in areas of difficult access. Thus, finishing dental instruments become indispensable to improving restoration margins, removing overhangs, and producing appropriate contours~Lutz et al., 1983; Jung et al., 1997; Yap et al., 1998; Turssi et al., 2000; Ozgunaltay et al., 2003; Turkun & Turkun, 2004 !. Carbide burs~Lutz et al., 1983 Boghosian et al., 1987; Berastegui et al., 1992; Ferracane et al., 1992; Heath et al., 1993; Jung et al., 1997; Joniot et al., 2000; Reis et al., 2002 !, diamond burs~Lutz et al., 1983 Boghosian et al., 1987; Berastegui et al., 1992; Ferracane et al., 1992; Joniot et al., 2000; Lopes et al., 2002; Reis et al., 2002; Nagem Filho et al., 2003 !, abrasive impregnated rubber cups and points ~Yap et al., 1998; Joniot et al., 2000; Turssi et al., 2000 !, abrasive strips, stones~Lutz et al., 1983 Bagheri et al., 2005 !, polishing pastes~Yannikakis et al., 1998 Turssi et al., 2000!, and abrasive discs~Lutz et al., 1983; Berastegui et al., 1992; Heath et al., 1993; Yannikakis et al., 1998; Joniot et al., 2000; Turssi et al., 2000; Lopes et al., 2002; Reis et al., 2002; Nagem Filho et al., 2003; Roeder & Powers, 2004 ! have been used for finishing and polishing of composite resin restorations.
The selection of a finishing instrument depends on the nature of the restorative material, localization, and size of a given restoration. Good results have been obtained with flexible discs of aluminum oxide, but their application is limited due to the complexity of the dental anatomy, principally on concave surfaces such as lingual/palatal surfaces of anterior teeth and occlusal surfaces of posterior teeth~Lutz et al., 1983; Jung et al., 1997; Turssi et al., 2000; Nagem Filho et al., 2003 !. Consequently, the use of carbide burs and/or diamond burs becomes necessary~Jung et al., 1997; Turssi et al., 2000; Nagem Filho et al., 2003; Attar, 2007 !. However, finishing procedures utilized to remove the excess of restored material may generate an increase in the restoration's superficial roughness~Berastegui et al., 1992; Lopes et al., 2002!. Analysis of the surface roughness of composite resin restorations can be carried out with the atomic force microscope~AFM!. AFM topographs provide quantitative threedimensional~3D! information on a sample surface at a nanometric scale. This allows the determination of the surface roughness with high accuracy. Nevertheless, there are few studies that utilize this methodology to analyze surface roughness of restorative materials~Wilder et al., Silikas et al., 2005 , Kakaboura et al., 2007 !. Therefore, it becomes important to evaluate the influence of the most utilized finishing instruments in clinical practice regarding surface roughness of composite resins. To this end, we have taken advantage of the high spatial resolution of the AFM. The aim of this study was to assess by the AFM the effect of finishing instruments on the surface roughness of composite resins. The null hypothesis tested was that there is no difference in the surface roughness of composite resin restorations submitted to different finishing instruments.
MATERIALS AND METHODS

Specimen Preparation
Nanofiller~Filtek Supreme XT, 3M ESPE, St. Paul, MN! and microhybrid~Point 4, Kerr Corp., Orange, CA! composite resins were used~Table 1!. Twenty-four standardized specimens were prepared in stainless steel bipartite matrix with two circular orifices of 11 mm diameter and 2 mm thickness. The composite resin was inserted into the matrix using a composite placement instrument followed by the application of an artist's sable brush.
A 10-mm-wide Mylar matrix strip followed by a flat glass slab were used to cover the specimen. A 1-kg stainless steel weight was applied for 30 s over the specimen, allowing the composite to flow in order to obtain a smoother and standardized surface~Badra et al., 2005!. After this period of time, the weight and the glass slab were removed. An 11-mmdiameter polymerization tip was applied directly against the Mylar matrix strip and the specimen light-cured with a halogen light~Demetron Optilux 501, Kerr Corp.!. The light output was constantly monitored by a radiometer with an average of 880 mW/cm 2~b uild-in LCD digital radiometer Demetron Optilux 501, Kerr Corp.!. All the procedures were done according to the manufacturer's instructions.
Finishing Procedures
Finishing procedures were accomplished using a standardized finishing device, which was designed to guarantee that after specimen removal, the surface would remain flat. The standardized finishing device consisted of a bipartite stainless steel matrix with central height regulation that avoided the finishing instruments contact with the steel matrix surface.
The specimens were randomly assigned into six experimental groups~n ϭ 4! according to~1! composite resin; 2! absence of finishing~Mylar matrix-M!, and~3! type of finishing instrument~control groups: FM, PM; experimental groups: FC, FD, PC, PD!.
During their manufacturing, all the specimens were notched on their reverse side to serve as an orientation aid Table 2 and showed in Figure 1 . After the finishing procedures, the specimens were washed with air-water spray for 5 s and stored in distilled water at a temperature of 378C 6 1 for 24 h~Silikas et al., 2005!. Next, the specimens were sonicated in deionized water~Habelitz et al., 2001! for 30 min to remove any debris deposited on the surface.
AFM Roughness Evaluation
The mean surface roughness was assessed with contact mode AFM~Nanoscope IIIa, Digital Instruments, Santa Barbara, CA! in air, equipped with an AS-130~J! scanner. The scanning of the specimen's surface was done using a Si 3 N 4~N P model! pyramidal tip of 40-nm average nominal radii~Veeco Nanofabrication Center, Veeco Probes, Camarillo, CA!, with frequency of 1 Hz, measurement in nanometer~nm!, and nominal spring constant of 0.58 N/m.
Two areas~Wilder et al., 2000! were randomly selected and scanned in the same direction as the finishing procedures. Images of 20 mm ϫ 20 mm of each selected areã Habelitz et al., 2001 ! with resolution from 512 ϫ 512 pixels were obtained and the mean roughness~R a ! calculated using the following equation:
where f~x, y! is the surface relative to the center plane, and L x and L y are the dimensions of the surface~Silikas et al., 1999!. The R a analysis was done by Nanoscope IIIa software version 4.22 R2~Digital Instruments!, and the maximum vertical range obtained was 4.7 mm.
Statistical Analysis
FM and PM groups were statistically assessed by the Student's T test, at a 5% level of significance. FC, FD, PC, and PD groups were submitted to variance analysis at 5% level of significance. To check if there was homogeneity variance Table 3 displays the mean surface roughness value~R a ! in nm and the standard deviation of the experimental groups. Because the surface roughness significantly increased after the finishing procedures~more than 10-fold over the mean!, two independent statistical analyses were carried out. In the absence of finishing, the mean roughness of the Filtek Supreme XT~3M ESPE! was significantly higher than that of Point 4~Kerr Corp.!~p ϭ 0.002!~Fig. 2!.
RESULTS
The Levene~p ϭ 0.304! and Shapiro-Wilk~p ϭ 0.746! tests, respectively, proved the variances homogeneity and the normality of experimental errors for application of variance analysis~p . 0.05!. A significant effect of finishing instruments on the surface roughness of the studied composites~p , 0.001! was observed. The mean roughness values were smaller in the groups that utilized the carbide bur as a finishing instrument~FC and PC!, in comparison to groups with diamond bur~FD and PD!~Fig. 3!. However, there was no significant statistical difference between both composite resins regarding surface roughness after utilizing the instruments. The surface roughness of the tested composites increased significantly after applying dental finishing instruments~Uctasly et al., 2007!. No difference between Filtek Supreme XT~3M ESPE! and Point 4~Kerr Corp.! was found after the finishing procedures. However, a significant difference was observed in the roughness values between carbide and diamond finishing burs. Carbide bur produced a lower surface roughness independent of the composite resin~Fig. 5A,B!~Turssi et al., 2005!. Diamond bur offered a higher cutting effectiveness but resulted in a rougher surface than that produced by the carbide bur~Fig. 6A,B!~Be-rastegui et al., 1992; Ferracane et al., 1992; Jung et al., 1997; Reis et al., 2002 Reis et al., , 2003 Turssi et al., 2005!. In the present study, the control groups displayed the lowest mean roughness. Nevertheless, there was significant statistical difference between the tested composite resins in the absence of finishing. The microhybrid resin~Point 4-Kerr Corp.! showed lower roughness than the nanofiller resiñ Fig. 4A ,B!. This may be explained by the consistency of the Point 4~Kerr Corp.! filler size~400 nm!. Filtek Supreme XT 3M ESPE! has filler sizes ranging from 5 to 20 nm. These nanofillers are much smaller than the ones in Point 4~Kerr Corp.!. However, clusters of 600 to 1400 nm, which are present in Filtek Supreme XT~3M ESPE!, might cause an increase in the surface roughness. Silikas et al.~2005! obtained similar results when comparing the surface roughness of this nanofiller resin with a 200-nm filler size microhybrid composite. Thus, shape~Paravina et al., 2004; Heintze et al., 2006 !, size~Van Dijken et al., 1980 Turssi et al., 2000; Reis et al., 2002; Nagem Filho et al., 2003; Paravina et al., 2004; Turkun & Turkun, 2004; Heintze et al., 2006!, quantity , and distribution of the filler in the composite~Van Dijken et al., 1980; Turssi et al., 2000; Reis et al., 2002; Nagem Filho et al., 2003; Turkun & Turkun, 2004; Heintze et al., 2006 ! play an important role in the surface roughness. A smoother surface may be obtained by the arrangement of fillers within the resin matrix or by higher filler content composites~Reis et al., 2002; Nagem Filho et al., 2003; Turkun & Turkun, 2004!. Despite the higher surface smoothness obtained with the polyester matrix~Chung, 1994; Yap et al., 1998; Ozgunaltay et al., 2003; Paravina et al., 2004; Turkun & Turkun, 2004 The AFM tip apex geometry plays an important role in surface roughness measurements. AFM tip apex can change during measurements due to wear or during storage due oxidation~Wang & Chen, 2007!. Consequently, before a given experiment, quantitative evaluation of the AFM tip apex geometry is imperative. The readings are mainly influenced by the radius of the tip, the pressure of the tip on the surface, and the hardness of the material~Wennerberg et al., 1996!. The larger the AFM tip radius, the smaller the mean surface roughness value and the image resolution. Therefore, the AFM tip should be small enough to detect the smallest roughness features of the specimen.
High-resolution AFM images allow an accurate determination of the surface roughness. In dentistry, AFM permits the exclusion of the specimen defects that may interfere with the data analysis, such as cracks, fissures, and porosity on the restoration surface~Yannikakis et al. 
CONCLUSIONS
We conclude that surface roughness significantly increases after finishing. Carbide burs resulted in lower surface roughness compared to diamond burs, independent of the composite resin tested. There was no statistically significant difference between the composite resins regarding surface roughness after the use of finishing instruments. In the absence of finishing, the microhybrid resin~Point 4, Kerr Corp.! presented lower roughness than did the nanofiller resin~Filtek Supreme XT, 3M ESPE!. This study has shown that the choice of finishing instrument is highly significant in the ultimate smoothness of composite resin restorations. The smallest influence on the surface roughness of composite resins after finishing has been observed for carbide burs.
